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METHOD FOR RAPID BASELINE
RECOVERY FOR IRREGULAR FREQUENCY
CONTENT LARGE DYNAMIC RANGE
UNIPOLAR DATA SIGNALS

STATEMENT OF GOVERNMENT INTEREST

This invention was made with United States Government
assistance under Contract No. N0O0019-16-G-0021/N0O0019-
19-F-0019, awarded by the United States Government. The
United States Government has certain rights 1n this inven-
tion.

BACKGROUND

Incoming signal processing data from many systems
frequently includes unipolar signals with irregular shapes,
irregular data spacing, large dynamic range, and possibly
also a constant component (which may also be referred to as
a continuous, direct current, or DC component of the signal).
For signal processing, it 1s often desired to filter out the
constant portion of the signal, so as to set a “zero” baseline
from which data, such as a unipolar signal, 1s measured. As
a result of such filtering, engineers or signal processing
technicians can then direct processing and analysis efforts to
the relevant higher-frequency data content. Thus, a simple,
versatile signal processing technique 1s to filter an incoming,
signal with a high-pass filter (HPF) or another filter, thereby
setting a baseline for high-frequency content data analysis.
However, there remain a number of non-trivial 1ssues asso-
ciated with such filtering when unipolar data signals are
being considered.

SUMMARY

In an example, a system 1s provided, comprising: a filter
circuit, a corner-frequency adjust-up circuit, a corner-ire-
quency adjust-down circuit, and a selector circuit. The filter
circuit can have an 1mput and an output, and can be config-
ured to filter, based on a corner frequency, an mnput signal
received from the iput of the filter circuit, and send the
filtered 1nput signal to the output of the filter circuit. The
corner-irequency adjust-up circuit can be configured to raise
the corner frequency. The comer-frequency adjust-down
circuit can be configured to lower the corner frequency. The
selector circuit can be coupled to the output of the filter
circuit, and to one or both of the cormer-frequency adjust-up
circuit and the corner-frequency adjust-down circuit. The
selector circuit can be configured to select the corner-
frequency adjust-up circuit or the corner-frequency adjust-
down circuit based on the filtered input signal. In some
cases, the filter circuit comprises a high-pass filter, and to
filter the input signal based on the corner frequency com-
prises to filter out frequency components at frequencies
lower than the corner frequency. In some cases, the filter
circuit comprises a low-pass filter, and to filter the input
signal based on the corner frequency comprises to filter out
frequency components at frequencies higher than the corner
frequency. In some cases, the selector circuit comprises: a
threshold value terminal or node, a switch, and a comparator.
The switch can have a first terminal coupled to the output of
the filter circuit, a second terminal coupled to one or both of
the comer-frequency adjust-up circuit and the corner-ire-
quency adjust-down circuit, and a control mput. The com-
parator can have a first comparator mput, a second com-
parator mput, and a comparator output, the first comparator
input coupled to the output of the filter circuit, the second
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2

comparator mnput coupled to the threshold value terminal or
node, and the comparator output coupled to the control input
of the switch. In some cases, to select between the corner-
frequency adjust-up circuit and the corner-frequency adjust-
down circuit based on the filtered 1mnput signal comprises to
switch between the comer-frequency adjust-up circuit and
the corner-frequency adjust-down circuit in response to the
filtered 1nput signal crossing a threshold value present at the
threshold value terminal or node. To switch between the
corner-frequency adjust-up circuit and the corner-irequency
adjust-down circuit 1n response to the filtered mput signal
crossing the threshold value can comprise to switch based on
a comparison, by the comparator, of the filtered 1nput signal
to a threshold voltage corresponding to the threshold value,
between the comer-frequency adjust-up circuit and the cor-
ner-frequency adjust-down circuit. In some cases, the selec-
tor circuit comprises a multiplexer having a first terminal
coupled to the corner-frequency adjust-up circuit, the cor-
ner-frequency adjust-up circuit configured to perform a first
bit shift, a second terminal coupled to the cormer-frequency
adjust-down circuit, the comer-irequency adjust-down cir-
cuit configured to perform a second bit shift and a control
input coupled to a comparison circuit, the comparison circuit
configured to perform a comparison of the filtered mput
signal to a threshold value. To select between the corner-
frequency adjust-up circuit and the corner-frequency adjust-
down circuit based on the filtered mput signal can comprise
to select, by the multiplexer and based on the control input,
between the comer-frequency adjust-up circuit and the cor-
ner-frequency adjust-down circuit.

In another example, a system 1s provided, which 1s
configured to filter frequency-domain values of an 1nput
signal based on a filtering characteristic. The filtering char-
acteristic can be set dynamically in response to a time-
domain value of an amplitude of an output signal. In some
cases, the filtering characteristic comprises a corner Ire-
quency, and the system includes a high-pass filter configured
to filter out frequency components at frequencies lower than
the corner frequency. In some cases, the system 1s configured
to dynamically change the corner frequency from a first
value to a second value, in response to the time-domain
value of the amplitude falling below a threshold value, the
second value being greater than the first value. In some
cases, the system 1s configured to dynamically change the
corner frequency from a first value to a second value, 1n
response to the time-domain value of the amplitude rising
above a threshold value, the second value being lower than
the first value. In some cases, the system i1s configured to
dynamically change the comer frequency within a time
interval after the time-domain value of the amplitude crosses
a threshold value. In some cases, the time 1nterval 1s 3 clock
ticks of a system clock, or less. In some cases, the time
interval 1s 1 clock tick of a system clock, or less. In some
cases, the time interval 1s less than 1 microsecond. In some
cases, the time interval 1s sufliciently short that a signal
baseline 1s preserved, allowing unipolar data measurement
consistent with application requirements. In some cases, the
time interval 1s suthciently short, 1n that a signal baseline 1s
preserved allowing unipolar data measurement consistent
with a predetermined accuracy threshold. In some cases, the
system 1s a multi-channel system. The amplitude can be a
respective amplitude of a plurality of amplitudes corre-
sponding to a plurality of signals. The system can be
configured, responsive to a respective value of any of the
plurality of amplitudes crossing a threshold value, to set the
filtering characteristic. In some cases, the output signal 1s a
digital output signal. To filter the frequency-domain values
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can comprise, for example, to bit shiit the digital output
signal. In some cases, the system comprises a multiplexer

configured to dynamically select a bit shift value based on
the amplitude of the output signal. In some cases, the output
signal 1s an analog output signal. To set the filtering char- 5
acteristic can comprise to set a switch state (e.g., of a
transistor or another switch) based on an output of a com-
parator comparing the time-domain value of the amplitude
with a threshold voltage. Other filter types can be used. For
example, 1n some cases, the filtering characteristic com- 10
prises a corner frequency, and the system includes a low-
pass lilter configured to filter out frequency components at
frequencies higher than the corner frequency.

In another example, a method of filtering frequency-
domain values 1s provided, which includes setting a filtering 15
characteristic dynamically in response to a time-domain
value of an amplitude of an output signal and filtering
frequency-domain values of an mput signal based on the
dynamically-set filtering characteristic. In some cases, the
input signal 1s a digital input signal received by a computing 20
device. Setting the filtering characteristic dynamically may
comprise setting, by the computing device, the filtering
characteristic dynamically. Filtering frequency-domain val-
ues of the imput signal may comprise filtering, by the
computing device, frequency-domain values of the input 25
signal.

In some cases, computer mstructions may be configured
to perform a high-pass filtering method with a variable
filtering characteristic. The variable filtering characteristic
may be adjusted dynamically in response to a time-domain 30
value of an amplitude of an output signal of the high-pass
filtering method. The variable filtering characteristic may
comprise a variable corner frequency.

In another example, a system having a first input channel
and a second mput channel 1s provided. The system can be 35
configured to filter frequency-domain values of a first input
signal and a second iput signal based on a filtering char-
acteristic. The filtering characteristic can be set dynamically
in response to time-domain values of amplitudes of a first
output signal and a second output signal of the system. 40

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating the architecture of
a system configured to filter frequency-domain values of an 45
input signal, in accordance with an example of the present
disclosure.

FIG. 2A 1s a circuit diagram illustrating details of an
analog high-pass filter circuit.

FI1G. 2B 1s a circuit diagram illustrating details of a digital 5o
high-pass filter circuit.

FIG. 3A 1s a circuit diagram illustrating details of a
dynamic analog high-pass filter circuit, in accordance with
an example of the present disclosure.

FIG. 3B 1s a circuit diagram 1illustrating further details of 55
a high-pass filter circuit configured to set a filtering charac-
teristic dynamically in response to a time-domain value of
an amplitude of an output signal, in accordance with an
example of the present disclosure.

FI1G. 3C 1s a circuit diagram 1llustrating control logic of a 60
multichannel high-pass filter circuit configured to set a
filtering characteristic dynamically in response to time-
domain values of amplitudes of multiple signals, 1n accor-
dance with an example of the present disclosure. This circuit
may be configured to deliver the control signal for threshold 65
detection within a single system clock tick, three clock ticks,
or another short time interval.

4

FIG. 4A graphically illustrates a signal filtered with a
single corner frequency.

FIG. 4B graphically illustrates slow baseline recovery of
a saturated signal filtered with a single corner frequency.

FIG. SA graphically 1llustrates further details of a signal
filtered with a single corner frequency.

FIG. 5B graphically illustrates turther details of slow
baseline recovery of a saturated signal filtered with a single
corner irequency.

FIG. 6 A graphically illustrates a signal filtered with a
dynamically-set corner frequency, i accordance with an
example of the present disclosure.

FIG. 6B graphically illustrates baseline recovery of a
saturated signal filtered with a dynamically-set corner fre-
quency, 1n accordance with an example of the present
disclosure.

FIG. 7A graphically illustrates further details of a signal
filtered with a dynamically-set corner frequency, 1n accor-
dance with an example of the present disclosure.

FIG. 7B graphically illustrates further details of baseline
recovery of a saturated signal filtered with a dynamically-set
corner Irequency, in accordance with an example of the
present disclosure.

FIG. 8A 1s a flow diagram illustrating a method of
dynamically filtering Ifrequency-domain values, 1 accor-
dance with an example of the present disclosure.

FIG. 8B 1s a flow diagram illustrating a method of
dynamically filtering frequency-domain values based on a
time-domain amplitude of an output signal, 1n accordance
with an example of the present disclosure.

DETAILED DESCRIPTION

Techniques are disclosed to dynamically adjust the corner
frequency of a filter, such as a high-pass filter (HPF), 1n
response to a signal’s time-domain data content. Thus, the
disclosed techniques can be used to preserve data accuracy
while promptly recovering the signal’s baseline value, even
in the case of signals with high dynamic ranges. Moreover,
the disclosed techniques can be used to avoid the need for
other filtering stages that often introduce spurious low-
frequency artifacts.

In some examples, the disclosed techniques can be 1imple-
mented 1n a system that filters frequency-domain values of
an 1nput signal based on a filtering characteristic. The
filtering characteristic can be set dynamically in response to
a time-domain value of an amplitude of the output signal.
The filtering characteristic can comprise a corner frequency,
and the system can include, for instance, a high-pass filter
configured to filter out frequency components at frequencies
lower than the comer frequency. The system 1s configured to
dynamically change the comer frequency from a first value
to a second value, 1n response to the time-domain value of
the amplitude crossing a threshold value.

(General Overview

As explained above, incoming signal processing data
from many systems frequently includes unipolar signals
with 1rregular shapes, irregular data spacing, large dynamic
range, and possibly also a constant or DC component. In
signal processing, for example 1 DSP, it 1s often desirable
to eliminate the constant portion of the signal, and thereby
create a “zero” baseline from which data i1s measured.
Engineers or signal processing technicians can then focus
processing and analysis eflorts on the remaining higher-
frequency data content. Thus, a versatile, eflective signal
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processing technique 1s to filter an incoming signal with an
HPF, so as to set a “zero” baseline for high-frequency
content data analysis. However, the proper selection of a
cutofl frequency for HPF (also referred to as a corner
frequency or pole) may be complicated when the data’s
frequency content 1s inconsistent. For example, 1n some
cases, corner frequencies that are too high may recover the
signal’s baseline value quickly, but may filter out some
potentially important components of the signal of interest,
resulting 1n processing inaccuracies. In other cases, corner
frequencies that are too low may recover the baseline value
slowly, resulting 1n the potential loss or degraded accuracy
ol acquired data due to mappropriate baseline position.

Thus, and according to some embodiments, techniques
and systems are provided herein that can dynamically adjust
the corner frequency of an HPF, low-pass filter, bandpass
filter, or other filter 1n response to the data content, preserv-
ing data accuracy even while promptly recovering the sig-
nal’s baseline value, including in the case of signals with
high dynamic ranges. The disclosed system and methods can
be used, for instance, to solve critical data acquisition
challenges by recovering the baseline significantly faster,
thereby reducing the time for the system to be ready for the
next signal, and preserving or even increasing signal quality.
The system can also be used to avoid the necessity of other
filtering stages that often introduce spurious low-irequency
artifacts. The system 1s useful, for instance, when the data
frequency content or rate of occurrence vary, or are neces-
sarily close to the bandwidth of the HPF. Accordingly, the
disclosed system and methods could have wide application
in the field of Digital Signal Processing (DSP).

System Architecture

FIG. 1 1s a block diagram illustrating the architecture of
a system 100 configured to filter frequency-domain values of
an mput signal, in accordance with an example of the present
disclosure. In this example, system 100 includes an 1nput
line 102, a filter circuit 104, a selector circuit 106, a corner
frequency adjust-up circuit 108, a corner frequency adjust-
down circuit 110, and an output line 112. The mput line 102
can receive an mput signal. For example, the mput signal
may 1include unipolar data and/or may have an 1rregular
shape, 1rregular data spacing, large data dynamic range,
and/or a constant DC component, as discussed above.
Accordingly, the mput signal 102 can be filtered by filter
circuit 104. The filter circuit 104 may 1nclude, for example,
an HPF that filters out components of the signal with
frequencies below a cutofl frequency, which may also be
referred to as a corner frequency or a pole. In some embodi-
ments, the cutofl frequency’s value can be dynamically
adjusted based on a time-domain value of the output signal
112. In various examples, the filter circuit 104 can include
another type of filter, such as a low-pass filter, a bandpass
filter, or some other filter.

In some embodiments, the selector circuit 106, which may
include a unipolar data arrival detector, can select a value of
the cutofl frequency based on the output signal 112. For
example, 1n some cases, cutoll frequencies that are too high
may result in processing maccuracies. In other cases, cutoil
frequencies that are too low may recover the signal’s base-
line value slowly. Accordingly, the selector circuit 106 can
adjust the level of the cutofl frequency to prevent these
1ssues, 1n response to a time-domain value of the output
signal 112. For example, the selector circuit 106 can monitor
the output to decide when the unipolar data has arrived, thus
making 1t advantageous to switch corner frequencies. In this
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example, the selector circuit 106 lies on a parallel or
alternate path between the filter circuit 104 and the output
112.

In some examples, the selector circuit 106 can select a
parallel branch of the circuit 100 contaiming either corner
frequency adjust-up circuit 108 or corner frequency adjust-
down circuit 110. In particular, comer frequency adjust-up
circuit 108 can raise the value of the HPF’s cutodl frequency,
while corner frequency adjust-down circuit 110 can lower
the value of the cutofil frequency, as disclosed herein.

In some examples, the selector circuit 106 selects a branch
based on a comparison of the output signal 112 to a
threshold, as disclosed herein. Because the output 112 of the
filter has a zero baseline, such a comparison to a threshold
1s both meaningful and practical. By contrast, the input
signal 102 may retain a DC component, and therefore cannot
be compared meaningiully to a threshold.

In this example, the system 100 provides two alternative
options for the cutoil frequency, depending on the branch
selected by selector circuit 106. However, in some cases, the
system may have any number of alternative values, for
example three. In addition, the system may provide a disable
control, which a user can select to fix the corner frequency
to a static value, as described below. Note that such a static
value may have a value different from the values in branches
108 and 110.

Finally, after a cutofl frequency corresponding to branch
108 or 110 has been selected by the selector circuit 106, the
input signal can be filtered by the filter circuit 104, and the
resulting filtered signal can be output to the output line 112.
Circuit Details

FIG. 2A 1s a circuit diagram illustrating details of an
analog high-pass filter circuit 200. Analog HPF circuit 200
can {ilter out frequency-domain components of a signal from
input line 202 that have frequencies below a cutofl or corner
frequency. In this example, circuit 200 can drop the voltage
from input 202 across the RC combination of a capacitor
204, having capacitance C, and a resistor 206, having
resistance R. The output 208 i1s equivalent to the voltage
across resistor 206.

The cutofl or corner frequency 1s related to the time
constant T=1/RC of the resistor and capacitor combination,
that 1s, 1t 1s related to the charging time of the capacitor 204.
In particular, current can continue to tflow in circuit 200
when capacitor 204 1s only partially charged, since the
magnitude of the voltage drop V ~0/C across capacitor 204
1s less than the voltage from mput 202. For frequencies well
above the corner frequency (for example, for frequencies
greater than 170% of the corner frequency, 200% of the
corner Irequency, or 400% of the corner frequency), the
voltage changes sign before the capacitor 204 can fully
charge, and therefore the magnitude of V. always remains
smaller than the mnput voltage.

Accordingly, alternating current can flow continuously 1n
response to high-frequency input signals (for example, for
frequencies greater than 170% of the corner frequency,
200% of the corner frequency, or 400% of the corner
frequency). By contrast, for frequencies well below the
corner frequency (for example, for frequencies less than
90% of the corner frequency, 50% of the corner frequency,
or 25% of the comer frequency), the capacitor 204 has time
to charge fully, so the output signal will attenuate the input
signal after times of order T. Thus, circuit 200 represents an
analog realization of an HPF, while digital realizations are
also possible, as in the example of FIG. 2B.

FIG. 2B 1s a circuit diagram 1llustrating details of a digital
HPF circuit 250. Digital HPF circuit 250 can filter out
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frequency-domain components of a signal from input line
252 with frequencies below a cutoil or corner frequency. As
described above, the HPF 250 may be used to eliminate DC
and lower frequency components of the mput signal for
high-frequency content data analysis, thereby creating a
“zero” or otherwise corrected or adjusted baseline from
which data 1s measured. In some embodiments, the disclosed
system and methods can use a diflerent type of filter to filter
out other ranges of frequency components. For example, the
system may use a low-pass filter to filter out frequencies
above a cutofl frequency, or may use a bandpass filter to
filter out frequencies outside of a band or range. While HPF
circuit 250 1s an implementation of an HPF circuit with
digital electronics, in some examples, the system can use an
HPF or another filter implemented with analog electronics,
or with both digital and analog electronics.

In some examples, the HPF 250 can make use of spectral
inversion, which ivolves subtracting the output of a low-
pass filter to achieve high-pass filtering. That 1s, since the
output of a low-pass filter 1s the low-frequency components
of the original 1input signal, subtracting the low-pass output
from the original input leaves only the high-frequency
components. In some examples, the HPF 250 can make use
of an Infinite Impulse Response (IIR) spectral inversion
filter.

In some examples, HPF 250 may be an integer filter that
can only process integer-valued signals. However, mn each
time step, the HPF 250 may output a fraction of the previous
output and the present input. As a result, in order to maintain
numerical accuracy, 1t may be necessary to scale up an input
signal to a large integer, then subsequently scale the output
down after filtering. Accordingly, the HPF may make use of
a scale factor K, achieved by right bit-shifting 264 the signal,
to set the corner frequency. The scale up 1s not shown 1n the
example of FIG. 2B, and may occur, for example, in a
previous low-pass filter stage. In some examples, the HPF
250 may use K=1/256, or a rnight shift 264 of 8 bits, as
described below. Alternatively, in some examples, rather
than an integer implementation, the HPF 250 may be imple-
mented via a floating-point digital circuit, an analog circuait,
or the like, and the scale up and scale down may be
unnecessary.

In some examples, the corner frequency of the HPF 250
may be related to the scale factor K and the system’s clock
period dt. For example, the corner frequency may approxi-
mately equal K/((1-K) 2mdt). For example, for a right shift
264 of 8 bits and a clock period dt=10 ns, the corner
frequency may be approximately 62 kHz. The tolerance on
the comer frequency may vary from one example to the
next. In some example cases, the tolerance 1s symmetrical,
such as *10%, 6%, *4%, or +2%. In other cases, the
tolerance may be asymmetrical, such as —6%/+4%.

In some examples, the HPF circuit 250 can include a
bypass multiplexer 253, which may select a circuit branch
based on an HPF bypass signal. In this example, if the HPF
bypass signal selects branch A, the HPF functionality of
circuit 250 may be bypassed. If the HPF bypass signal
selects branch B, the HPF functionality of circuit 250 may
be active, that 1s, the circuit 250 may perform high-pass
filtering, as described 1n this example.

In this example, 1f the HPF bypass signal selects branch
B, the input signal 252 may be summed 1n adder 254 (which
may also be referred to herein as a summer) together with
the signal from the lower branch of the circuit 250 n FIG.
2B. Next along the upper branch of the circuit 250, the mnput
signal 252 may pass through the register 256 before being
output to the output line 258 of the HPF circuit 250. In some
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examples, the registers herein may refer to 1/7Z blocks,
where 7 1s an impedance. Note that 1n some examples,
register 256 may be a 24 bit register. Alternatively, any other
registers may be used.

In some examples, the circuit 250 may also include one or
more additional registers, which may cause a delay in the
final output, for example a delay of one clock cycle.

As can be seen 1n the lower branch, the inverter 259 can
be used to perform subtraction in adder 254. For example,
the mverter 259 can invert 1ts 1put signal by taking the
two’s complement of the signal. Continuing along the lower
branch of the circuit 250, the output of the adder 260 and
register 262 can form the signal to be inverted by inverter
259.

Feedback path 264 of circuit 250 can carry the bit-shifted
output of register 256. For example, feedback path 264 can
apply a bit shift, such as a right arithmetic shift by 8 bits with
carry of the most sigmificant bit (IMSb), 1.e. with the MSb
reintroduced from the left. In some examples, the bit shift
may be a right shift of a two’s compliment number of the
signal. Note that the bit shift 264 may take place between the
register 256 and the adder 260. In some examples, the MS
carry 1s needed because the value being shifted (the HPF
output) can be negative. Accordingly, the system can use
MSb carry, which may correspond to right shifting the two’s
compliment value. This bit shift can correspond to division
of the signal amplitude by 2°=256, and results in an HPF
cutofl frequency. For example, for a system clock rate of 100
MHz (i.e., a ns clock period), division by 2® can correspond
to an HPF cutofl frequency of approximately 62 kHz.

As a result, the HPF circuit 250 can filter out frequencies
below the cutofl frequency from the input signal 252, and
can output the filtered signal to the HPF output line 258. The
HPF 250 can be usetul for signal processing, such as DSP,
in order to eliminate the constant or DC portion of the signal,
and thereby shift the signal’s baseline to zero (e.g., by
removing a DC oflset, 1f present).

As described above, optimal selection of an HPF corner
frequency may be complicated when the data’s frequency
content 1s 1nconsistent. For example, 1n some cases, high
corner frequencies may filter out potentially important com-
ponents of a signal, whereas low corner frequencies may
recover the signal’s baseline value slowly. The disclosed
system and methods can address these challenges. For
example, the dynamic HPF circuits of the examples of FIGS.
3A and 3B below can dynamically adjust the cormer fre-
quency 1n response to the data content. In addition to
dynamic HPFs, 1n some examples, dynamic low-pass filters,
dynamic bandpass filters, or other dynamic filters are also
possible.

FIG. 3A 1s a circuit diagram 1llustrating details of a
dynamic analog high-pass filter circuit 300, in accordance
with an example of the present disclosure. Like circuit 200
of the example of FIG. 2A above, circuit 300 drops the
voltage from input 302 across the RC combination of
capacitor 304 and resistor 306. Circuit 300 also includes
additional components in parallel with resistor 306, such as
switch 308 (e.g., a field eflect transistor (FET)), second
resistor 310, comparator 312 with hysteresis, and threshold
voltage signal 314.

The comparator 312 may compare the output voltage 316
(e.g., as measured or sensed from an output terminal or
node) with the threshold voltage 314 (e.g., present at a
threshold reference terminal or node). In some examples, the
comparator 312 may compare the voltage across resistor
306, which may be equivalent to the output voltage 316,
with the threshold voltage 314. If the signal 1s less than the
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threshold voltage 314, the comparator 312 can switch on the
switch 308, such that resistor 310 1s placed 1n parallel with
resistor 306, thereby lowering the net resistance 1n series
with the capacitor 304. This, 1n turn, will reduce the time
constant t=1/RC and raise the cutoll frequency, since the
capacitor 304 can charge faster with more current tlowing
through circuit 300. If, instead, the signal 1s larger than
threshold voltage 314, the comparator 312 can switch oil the
switch 308, 1n order to raise the net resistance and lower the

cutoll frequency.

In an example, the switch 308 may be a FET. However,
in some other examples, mstead of a FET, the circuit 300
may make use of another type of switch 308. For example,
any switch 308 that can respond fast enough to changes 1n
the output signal amplitude by switching may be used. For
example, an analog switch, a relay, a vacuum switch, or
another switch may be used as the switch 308. In some
examples, a fast enough response may refer to switching the
corner frequency within a short enough time interval so as
to preserve the signal’s baseline, and thereby ensure accurate
measurement. In some examples, the desired level of accu-
racy may be a function of the performance needs of a
particular application. Accordingly, in some cases, a trade-
ofl or optimization may be made between cormer frequency
selection and the switching time interval. For example,
depending on the performance needs of the application, the
time 1nterval may be 3 clock ticks of a system clock or less,
1 clock tick of a system clock or less, 1 microsecond or less,
or may be any other time period or interval.

As noted above, 1n various examples, the disclosed sys-
tem and methods may be designed with the time interval
sufliciently short, in that a signal baseline 1s preserved
allowing unipolar data measurement consistent with appli-
cation requirements and/or a predetermined accuracy thresh-
old, which may be based on such application requirements.
In an example where such a performance and/or accuracy
threshold 1s looser, a longer time interval may be chosen,
thereby enabling the use of a lower comer frequency. For
example, for some precision gumidance and sensing applica-
tions, a very high performance and/or accuracy may be
required, such that the time interval 1s 1 clock tick of a
system clock, or less. In another example, the disclosed
system and methods may be implemented within a mechani-
cal shock absorption system, therefore the time interval may
be 100 milliseconds or 10 milliseconds. In yet another
example, the disclosed system and methods may be used to
filter radio-frequency data, and therefore the time interval
may be of order 100 nanoseconds or 10 nanoseconds.

As shown, the comparator 312 may include hysteresis to
reduce the chance of oscillation of the cutofl frequency due
to noise fluctuations. In an embodiment, the hysteresis in the
comparator 312 can be very small, for example the hyster-
esis may be only marginally suflicient to prevent oscillation
in a condition of zero mmput noise.

Because the comparator 312 of circuit 300 can adjust the
cutoil frequency dynamically 1n response to the input signal,
dynamic analog HPF circuit 300 can filter the input signal
while still preserving the accuracy of the signal above the
cutoll frequency, and providing prompt recovery of the
signal’s baseline value. In particular, when the mput signal
1s larger than the threshold voltage 314, circuit 300 can set
a low cutofl frequency so that most frequency components
of the mnput signal are retained, and thus the shape and
quantitative value of the signal are likely preserved. Con-
versely, when the input signal 1s below the threshold voltage
314, dynamic HPF circuit 300 may set a high cutofl fre-
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quency so that lower-frequency (longer-period) artifacts are
filtered out, leading to faster baseline recovery.

FIG. 3B 1s a circuit diagram 1llustrating further details of
an HPF circuit 330 configured to set a filtering characteristic
dynamically 1n response to a time-domain value of an
amplitude of an input signal, 1n accordance with an example
of the present disclosure. For example, HPF circuit 330 may
provide additional details of the system 100 to filter fre-
quency-domain values of an input signal, as illustrated 1n
FIG. 1.

In some examples, the dynamic HPF 330 may make use
ol spectral inversion, and/or an IIR spectral inversion filter,
as 1 the example of FIG. 2B above. In some examples,
dynamic HPF 330 may be an integer filter, so 1t may be
necessary to scale up an input signal, then subsequently
scale the output down after filtering, as in the example of
FIG. 2B. Accordingly, the dynamic HPF 330 may make use
of a scale factor K, achieved by right bit-shifting 346 the
signal, to set the corner frequency. The scale up 1s not shown
in the example of FIG. 3B, and may occur, for example, 1n
a previous low-pass filter stage. In some examples, the HPF
330 may use K=1/256, or a right shift 346 of 8 bits, as
described below. Alternatively, in some examples, rather
than an integer implementation, the HPF 330 may be imple-
mented via a floating-point digital circuit, an analog circuit,
in software, or the like, so the scale up and scale down may
be unnecessary.

In some examples, the comner frequency of the HPF 330
may be related to the scale factor K and the system’s clock
period dt. For example, the corner frequency may approxi-
mately equal K/((1-K) 2ndt). For example, for a right shift
346 of 8 bits and a clock period dt=10 ns, the corner
frequency may be approximately 62 kHz.

In some examples, the HPF circuit 330 can include a
bypass multiplexer 333, which may select a circuit branch
based on an HPF bypass signal. In this example, i1 the HPF
bypass signal selects branch A, the dynamic HPF function-
ality of circuit 330 may be bypassed. If the HPF bypass
signal selects branch B, the dynamic HPF functionality of
circuit 330 may be active, that 1s, the circuit 330 may
perform dynamic high-pass filtering, as disclosed herein.

In this example, 1f the bypass multiplexer 333 selects
branch B, the HPF circuit 330 may receive an input signal
from the HPF’s mput line 332. The mput signal may be
summed 1n adder 334 (which may also be referred to as a
summer) together with the signal from the lower branch of
the circuit, similarly to the example of FIG. 2B above. Next
in the upper branch of the circuit 330, the input signal may
pass through the register 336 before being output to the
HPF’s output line 338. In some examples, the registers
herein may refer to 1/7 blocks, where Z 1s an impedance. In
some examples, the registers may be clocked, whereas other
blocks may not be clocked. Note that in some examples,
register 336 may be a 24 bit register. Alternatively, any other
registers may be used.

In some examples, the circuit 330 may also include one or
more additional registers, which may cause a delay in the
final output, for example a delay of one clock cycle.

Similarly to the example of FIG. 2B above, along the
lower branch of the circuit 330, the inverter 339 can be used
to perform subtraction in adder 334, for example via two’s
complement. Next 1n the lower branch of the circuit 330, the
output of the adder 340 and register 342 can form the signal
to be inverted in iverter 339.

In some examples, the lower branch of circuit 330 may
include a multiplexer 344, which selects between the circuit

branches 346 and 348 based on a control signal A_CTRL
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349, which may be set by a user. Branch 346 can carry the
bit-shifted output of register 336, while branch 348 can carry
the selection of multiplexer 350. In particular, 11 A_CTRL
349 1s set to a first value to disable dynamic comer ire-
quency selection, such as a O or Boolean false value, the
signal of branch 346 may be propagated through the circuit
330. As 1n the example of FIG. 2B above, branch 346 can
apply a bit shift, such as a right shift by 8 bits with MShb
carry, which can correspond to a cutofl frequency, such as
approximately 62 kHz. Note that the bit shift 346 may take
place between the register 336 and the multiplexer 344.
Accordingly, when A_CTRL 349 1s set to the first value to
disable dynamic corner frequency selection, the circuit 330
may behave like the single-corner HPF circuit 250 of FIG.
2B. By contrast, 1if A_CTRL 349 i1s set to a second value to
enable dynamic corner frequency selection, such as a 1 or
Boolean true value, the signal may continue through branch
348 of the circuit 330 to the multiplexer 350.

Next, in some embodiments, the lower branch can include
multiplexer 350, which selects between the circuit branches
352 and 354 and sends this selection to multiplexer 344 1n
branch 348. In particular, multiplexer 350 may correspond to
selector circuit 106 1n the example of FIG. 1 above, while
branch 352 can correspond to corner frequency adjust-up
circuit 108, and branch 354 can correspond to corner fre-
quency adjust-down circuit 110.

Branches 352 and 354 can carry the output of register 336
with two diflerent bit shift values. Note that, 1n some cases,
multiple branches corresponding to multiple corner frequen-
cies are possible. Multiplexer 350 can select a branch 1n
response to the time-domain value of the amplitude of the
output signal. For example, multiplexer 350 can select a
branch based on comparing the amplitude to a switching,
threshold, which may be a threshold that enables the system
to determine that the unipolar data has arrived.

In some examples, the multiplexer 350 selects a branch
based on a comparison of the amplitude of the output signal
to a threshold, as described 1n the example of FIG. 3C.
Because the output of the filter has a zero baseline, such a
comparison to a threshold 1s both meaningtul and practical.
By contrast, the mput signal may retain a DC component,
and therefore cannot be compared meaningiully to a thresh-
old.

In the examples of FIGS. 4A and 4B below, the switching
threshold may have a value such as 9,000 in the units of
FIGS. 4A and 4B. In other examples, the switching thresh-
old’s value may range between 20 and 2,000. Alternatively
or additionally, the threshold can be dynamic, for example
the system may determine the threshold value dynamically
based on a number of other factors. In some examples, the
same switching threshold may be used elsewhere in the
disclosed system, so as to maintain consistency with other
portions of the system.

The select line of multiplexer 350 can carry a signal
D_CTRL 356, which can perform this comparison. For
example, D_CTRL 356 may carry a Boolean signal, such as
the result of comparing the amplitude to the switching
threshold. In various embodiments, e.g. depending on the
specific details of an application, the switching threshold
may be a fixed value, or may be adjusted by the system in
response to other criteria. In some examples, the comparison
may be made 1n absolute value, for example the absolute
value of the signal amplitude can be compared to the
switching threshold.

If multiplexer 350 selects branch 332, the bit-shifted
signal of branch 352 can then be propagated through the
circuit, for example branch 352 may apply a right shift by 5
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bits with MSb carry. This can correspond to setting a higher
value for the HPF cutoll frequency, such as 500 kHz or 600
kHz. As a result, the baseline value of the signal will recover
more quickly. Multiplexer 350 can select branch 352 if the
amplitude of the output signal 338 i1s lower than the switch-

ing threshold.

If multiplexer 350 selects branch 354, the bit-shifted
signal of branch 354 can then be propagated through the
circuit, for example branch 354 may apply a right shift by 12
bits with MSb carry. This can correspond to setting a lower
value for the HPF cutofl frequency, for example 200 Hz or
4 kHz. As a result, the accuracy of the signal will be better
preserved. Multiplexer 350 can select branch 354 1if the
amplitude of the output signal 338 1s greater than the
switching threshold.

The filtered signal may then pass to the HPF output line
338. In particular, the signal may be filtered so that com-
ponents (1.¢., frequency-domain values) of the input signal
with frequencies below the selected cutofl frequency are
attenuated. Because the circuit 330 can select the cutofl
frequency dynamically in response to the mnput signal,
circuit 330 can filter the mput signal while still preserving
the accuracy of the signal above the cutofl frequency, and
providing prompt recovery of the signal’s baseline value. In
particular, when the output signal amplitude 338 1s greater
than the switching threshold, the system can set a low cutoil
frequency so that most frequency components of the input
signal are retained, and thus the shape and quantitative value
of the signal are likely preserved. Conversely, when the
output signal amplitude 1s less than the threshold, the system
may set a high cutofl frequency so that lower-frequency
(longer-period) artifacts are filtered out, leading to faster
baseline recovery.

FIG. 3C 1s a circuit diagram illustrating control logic 360
of a multichannel high-pass filter circuit configured to set a
filtering characteristic dynamically in response to time-
domain values of amplitudes of multiple signals 362, 1n
accordance with an example of the present disclosure. In this
example, a single switching threshold signal 364 may be
compared to all the channels 362 via comparators. Alterna-
tively or additionally, multiplexers can be used to compare
the switching threshold signal 364 to the channels 362. For
example, comparator 366 can select between the channel 1
HPF output 368 and switching threshold signal 364 by
comparing their values. Likewise, comparator 370 can select
between the channel 2 HPF output 372 and switching
threshold signal 364, comparator 374 can select between the
channel 3 HPF output 376 and switching threshold signal
364, and comparator 378 can select between the channel N
HPF output 380 and switching threshold signal 364. In some
examples, these comparisons may be made in absolute
value, for example 1n the case of a bipolar input signal, the
absolute magnitude of a respective channel amplitude may
be compared to the switching threshold signal 364.

Subsequently, the output from the multiplexers can pass to
OR gate 386, which can determine whether the signal from
any of the channels 1s greater than the switching threshold.
The output from OR gate 386 can be passed to D_CTRL
388, which can be used to select a corner frequency, as 1n the
example of FIG. 3B above. As a result, 1f the amplitude of
the signal from any of the channels exceeds the switching
threshold, the system can adjust the comer frequency for
HPF, e.g. by lowering 1t. In some examples, all the channels
362 of a multiple channel system 360 may adjust corner
frequencies simultaneously. In some examples, the circuit
360 1s configured to deliver the control signal 388 for
threshold detection within a short time interval after any
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amplitude exceeds the threshold, for example within a single
system clock tick, three clock ticks, 25 ns, 100 ns, or 1 us of
the threshold being crossed.

As noted above, 1n various examples, the disclosed sys-
tem and methods may be designed with the time interval
sufliciently short, in that a signal baseline 1s preserved
allowing unipolar data measurement consistent with appli-
cation requirements and/or a predetermined accuracy thresh-
old, which may be based on such application requirements.
In an example where such a performance and/or accuracy
threshold 1s looser, a longer time interval may be chosen,
thereby enabling the use of a lower comer frequency. For
example, for some precision gumidance and sensing applica-
tions, a very high performance and/or accuracy may be
required, such that the time interval 1s 1 clock tick of a
system clock, or less. In another example, the disclosed
system and methods may be implemented within a mechani-
cal shock absorption system, therefore the time interval may
be 100 milliseconds or 10 milliseconds. In yet another
example, the disclosed system and methods may be used to
filter radio-frequency data, and therefore the time interval
may be of order 100 nanoseconds or 10 nanoseconds.

In particular, the circuit 360 may deliver the control signal
388 for threshold detection within a short enough time
interval so that switching the corner frequency may take
place fast enough to preserve the baseline and ensure
accurate measurement. In some examples, the desired level
ol accuracy may be a function of the performance needs of
a particular application. Accordingly, in some cases, a trade-
ofl or optimization may be made between corer frequency
selection and the switching time interval.

In addition to the analog and digital examples of FIGS.
3A-3C above, 1n some examples, the disclosed dynamic
filter system and methods may also be implemented within
a mechanical system. For example, the disclosed system and
methods may be implemented within a shock absorption
system, for example in shock absorbers on a car or other
vehicle. In an example, the disclosed dynamic filter system
and methods may provide fast response when a rough road
shock absorption response 1s occurring, and may provide
slow response when the road 1s smooth. In another example,
the disclosed dynamic filter system and methods may be
used within a car’s suspension system. For example, 1f a car
or other vehicle 1s driven through a pothole or over a bump,
the suspension may react fast enough to avoid the pertur-
bance being felt 1 the car.

Alternatively or additionally, the disclosed dynamic filter
may also be implemented 1n various other systems, such as
via a floating-point digital circuit, an analog circuit, and/or
in software. For example, a software HPF may be configured
with a variable filtering characteristic, such as a variable
corner Irequency, that can be adjusted dynamically 1n
response to a time-domain value of an amplitude of an
output signal of the software HPF. In one such example,
such a software HPF may sample 1ts mput and/or output
signals at high rates (for example, with Nyquist frequencies
of 10 MHz, 50 MHz, 100 MHz, 200 MHz, or higher). The
software HPF may adjust the filtering characteristic or
corner Irequency dynamically within a briel time of the
amplitude of the output signal crossing above or below the
threshold value, such as within 1 sampling period of such a
crossing, within 3 sampling periods of a crossing, within 10
sampling periods, or the like.

Comparative Results

FIG. 4A graphically illustrates a signal 400 filtered with
a single corner frequency. In particular, signal 400 may be
filtered with an HPF with a single static corner frequency. As
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shown, the peak 402 has a measured height of 7,462 units,
whereas the 1deal height of peak 402 1s 7,520 units. Accord-
ingly, peak 402 i1s measured at approximately 99% of 1ts
correct height. Thus, while peak 402 1s relatively tall in this
example, 1t may not be so tall as to saturate the HPF.
Accordingly, filtered signal 400 may be referred to as a
nominal output of the HPF. Peak 402 retains a relatively
accurate shape compared to the mput signal.

As shown, the baseline 406 remains depressed following
the peak 402. This results 1n reduced accuracy of the smaller
peak 404. For example, as shown, the height of peak 404 1s
342 units above the horizontal axis, but the baseline 408 near
peak 404 remains slightly below the horizontal axis. In this
example, the 1deal height of peak 404 1s 492 units. Thus the
apparent height of peak 404 may be somewhat erroneously
reduced to approximately 70% of 1ts correct value, due to the
depression of baseline 408, causing slight data corruption of
peak 404. Still, the signal baseline does moderately recover
after peak 402. As a result, the smaller peak 404 can be
measured with 70% of the correct height relative to the
baseline.

FIG. 4B graphically illustrates slow baseline recovery of
a saturated signal 450 filtered with a single corner frequency.
As 1n the example of FIG. 4A, signal 450 may be filtered
with an HPF with a single static corner frequency. As shown,
the peak 452 has a height of 11,436 units, whereas the 1deal
height of peak 452 1s 11,484 umits. Thus, in this example,
peak 452 1s taller than peak 402 of FIG. 4A, such that the
HPF may become saturated. As shown, due to the HPF being
saturated, peak 452 may have an 1inaccurate shape compared
to the 1input signal. For example, the height of peak 452 may
be reduced due to the HPF’s modification of the frequency
content of the data signal. Moreover, the top of peak 452 1s
sloping, whereas the corresponding peak of the input signal
may be smoother and concave downward, with approximate
symmetry about 1ts apex. Such an mnaccurately sloping shape
of peak 452 may be a flaw of the saturated filtered signal
450.

Furthermore, the base of the smaller peak 454 1s at a
negative amplitude value, while the apex of peak 4354 1s

close to zero. As a result, the peak 454 1s diflicult to measure,
and could be missed, for example by an automated peak
locator, whereas the 1deal height of peak 454 1s 500 unaits.
Such a difliculty may be caused by the signal baseline 456
failing to recover quickly enough after the larger peak 452.
The baseline 456 remains well below zero throughout much
of the displayed domain of the signal 450, resulting 1n an
incorrect baseline of peak 454. This may be another flaw of
the filtered signal 450. The disclosed system and methods
can address such 1ssues by selecting a corner frequency
dynamically so as to minimize saturation, as disclosed
herein.

FIG. SA graphically 1llustrates further details of a signal
400 filtered with a single corner frequency. In this example,
the signal 400 1s a detailed view of the signal 400 from FIG.
4 A above, with the vertical axis expanded and the horizontal
axis contracted. The peak 504 shown in this example cor-
responds to the peak 404 of FIG. 4A. As 1n the example of
FIG. 4A above, the output from the HPF may be in the
nominal regime. As shown, signal 400 can still have a slow
recovery 502 of the baseline value. However, as in the
example of FIG. 4A above, the slowness of recovery 502 1s
less severe than in the saturated case. For example, overall
baseline recovery times (before the baseline’s value 1s
dominated by noise) are shown as approximately 800 (in
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arbitrary units) in this example with a nominal signal, and
approximately 2200 for the saturated signal in the example
of FIG. 5B below.

FIG. 5B graphically illustrates further details of slow
baseline recovery of a saturated signal filtered with a single
corner frequency. In this example, the signal 450 1s a
detailed view of the signal 450 from FI1G. 4B above, with the
vertical axis expanded and the horizontal axis contracted.
The peak 556 shown 1n this example corresponds to the peak
454 of FIG. 4B. As in the example of FIG. 4B above, the
output from the HPF may be saturated. As a result, signal
450 has an even slower recovery 352 of the baseline value
than the nomainal signal of FIG. 5A above. For example, the
overall baseline recovery times are shown as approximately
2200 (1in arbitrary units) in this example with a saturated
signal, compared to approximately 800 for the nominal
signal 1n the example of FIG. SA.

Moreover, a residual data artifact 554 dominates the
baseline recovery process 352. In particular, even though the
slowly-recovering baseline 552 remains below zero prior to
the artifact, the data artifact 354 then spuriously brings the
signal 450 above zero. Thus, in eflect, the baseline does not
tully recover to zero until a time of 2700.

FIG. 6A graphically illustrates a signal 600 filtered with
a dynamically-set corner frequency, 1n accordance with an
example of the present disclosure. Signal 600 may be based
on the same mnput data as signal 400 1n the example of FIG.
4A, but 1s filtered with a dynamic cormer frequency rather
than a single corner frequency. In particular, the peak 602 1s
shown to have a height of 7,480, similar to the height of peak
402 of FIG. 4A. In this example, the peak 602 has an
accurate shape, while the smaller peak 604 can be measured
with a correct height of approximately 459 units, as shown,
because the baseline has recovered. In particular, the base-
line 606 necar smaller peak 604 lies very close to the
horizontal axis, as shown. As a result, the disclosed system
and methods have improved the accuracy of peak measure-
ment from approximately 70% of the correct height, as 1n the
example of FIG. 4A, to approximately 93% of the correct
height 1n this example.

In addition, FIG. 6A shows a control signal 608, which
can correspond to a control signal to switch a multiplexer,
such as multiplexer 350 of FIG. 3B, in response to the signal
600. For example, control signal 608 can correspond to
D_CTRL 356 of the example of FIG. 3B, or D_CTRL 388
of the example of FIG. 3C. In this example, the threshold has
been set to 300 units, 1.e. the control signal 608 instructs the
multiplexer to switch to the low comer frequency when the
time-domain amplitude of signal 600 exceeds 300 units. As
a result, as shown, the control signal 608 can instruct the
multiplexer to switch to a low corner frequency during times
610 and 612 that correspond to peaks 602 and 604, respec-
tively. At other times, the control signal 608 can indicate to
remain at a high corner frequency. By switching the multi-
plexer, the control signal 608 can recover the baseline
promptly, while maintaining good signal quality of peaks
602 and 604.

FIG. 6B graphically illustrates baseline recovery of a
saturated signal 650 filtered with a dynamically-set corner
frequency, 1n accordance with an example of the present
disclosure. Signal 650 may be based on the same mnput data
as signal 450 in the example of FIG. 4B, but is filtered with
a dynamic corner Irequency rather than a single corner
frequency. In particular, in this example, the peak 6352 1is
shown to have a height of 11,463, similar to the height of
peak 452 of FIG. 4B above. Thus, 1n this example, the peak
652 1s quite tall, such that the HPF may become saturated,
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as 1n the example of FIG. 4B. Still, using the disclosed
dynamic filtering system and methods, the peak 652 retains
a more accurate shape. In particular, the top of peak 652 1s
substantially flat, 1n contrast with sloped peak 452 of FIG.
4B.

In addition, the smaller peak 654 can be measured with
the correct height of approximately 488 umits, as shown,
because the baseline 656 has recovered. In particular, the
smaller peak 654 has been measured with 98% of its 1deal
height of 500 units, by contrast to the case of FIG. 4B using
a single frequency HPF, where the height of the small peak
454 1s too low to be detectable. Note that, due to noise, the
peaks may be measured below or even above their 1deal
height, but 1n this example, the measured height remained
below the ideal. Moreover, as shown, the baseline 656
recovers to zero much more quickly than baseline 456 1n the
example of FIG. 4B. Note that the time spent with the
baseline below zero 1s significantly reduced.

As a result, the baseline 658 of peak 654 corresponds to
a value near zero, so that the height of peak 654 can be
measured correctly, 1n contrast with the case of peak 454 in
FIG. 4B. By significantly improving baseline recovery time,
the disclosed system and methods reduce the lag time
required to recover from saturated peak 652 before the
system 1s prepared to measure the subsequent signal 634.

In addition, FIG. 6B shows a control signal 660, which
can correspond to a control signal to switch a multiplexer,
such as multiplexer 350 of FIG. 3B, in response to the signal
650. In this example, the threshold for switching to a low
corner frequency has been set to a time-domain amplitude of
signal 650 exceeding 300 units. As a result, as shown, the
control signal 660 can instruct the multiplexer to switch to
a low corner frequency during times 662 and 664 that
correspond to peaks 6352 and 654, respectively. At other
times, the control signal 660 can indicate to remain at a high
corner frequency. Accordingly, the control signal 660 can
recover the baseline promptly, while maintaining good sig-
nal quality of peaks 652 and 654.

FIG. 7A graphically illustrates further details of a signal
600 filtered with a dynamically-set corner Irequency, in
accordance with an example of the present disclosure. In this
example, the signal 600 1s a detailed view of the signal 600
from FIG. 6 A above, with the vertical axis expanded and the
horizontal axis contracted. As in the example of FIG. 5A
above, the signal 600 output from the HPF 1n this example
may be 1in the nominal regime. However, using the disclosed
system and methods to set the corner frequency dynamically,
the baseline 1 this example can recover 702 sigmificantly
faster than the case with a single corer frequency shown 1n
FIG. 5A. As shown, the baseline 702 of signal 600 does not
lag below zero for an appreciable length of time. In particu-
lar, the overall baseline recovery times (until the baseline’s
value 1s dominated by noise) are shown as approximately 50
(1n arbitrary units) for the nominal peak m this example,
compared to approximately 800 for the nominal signal 1n the
example of FIG. 5A above.

FIG. 7B graphically illustrates further details of baseline
recovery ol a saturated signal 650 filtered with a dynami-
cally-set corner frequency, in accordance with an example of
the present disclosure. In this example, the signal 650 1s a
detailed view of the signal 650 from FIG. 6B above, with the
vertical axis expanded and the horizontal axis contracted. In
this example, the magnitude of the residual data artifact 754
1s significantly reduced compared with artifact 554 1n the
example of FIG. 5B. In particular, when the output signal
amplitude 1s greater than the switching threshold, the system
can set a low cutofl frequency for filtering. Such a low cutofl
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frequency can result 1n most frequency components of the
input signal being retained, and therefore 1s likely to pre-
serve the shape and quantitative value of the signal. For
example, the peak values of the spurious residual data
artifact 754 are about half the magnitude of artifact 554. In
addition, the time span of residual data artifact 754 1s five
times briefer than artifact 554.

In this example, the filtered signal’s baseline 752 also
recovers significantly faster than in the case of a single
corner frequency. When the output signal amplitude 1s less
than the switching threshold, the system may set a high
cutoll frequency for filtering. Such a high cutofl frequency
can result in low-frequency components of the iput signal
being filtered out, and therefore low-1requency artifacts that
take a long time to be corrected are likely to be missing from
the filtered signal 650. As shown 1n this example, the overall
time for baseline recovery 752 1s approximately 700 (in
arbitrary units) after the saturated peak, compared to
approximately 2200 for the saturated signal 1n the example
of FIG. 5B above.

Methods

FIG. 8A 1s a flow diagram illustrating a method 800 of
dynamically filtering frequency-domain values, 1 accor-
dance with an example of the present disclosure. In various
examples, method 800 may be performed with an HPF
circuit, such as the dynamic HPF circuits in the examples of
FIGS. 3A, 3B, and 3C above.

As shown 1n FIG. 8A, dynamically filtering frequency-
domain values starts with setting 802 a filtering character-
1stic 1n response to a time-domain value of an output signal
amplitude. For example, the filtering characteristic can
include a cutofl or corner frequency for filtering frequency-
domain values, such as with an HPF, a low-pass filter, a
bandpass filter, or another filter. In some examples, the
system can adjust the filtering characteristic within a time
interval (for example, within 25 ns, 100 ns, or 1 us) after the
signal amplitude crosses a predefined threshold value. The
threshold value may be a fixed value, or may be adjusted by
the system based on additional criteria. In some cases, the
time interval may be several clock ticks, such as 3 or 4 clock
ticks. This may correspond to a nearly immediate time
interval, for example less than nanoseconds, or less than 50
nanoseconds. In another example, the time interval 1s less
than 1 microsecond.

Next, dynamically filtering frequency-domain values con-
tinues with filtering 804 frequency-domain values of the
input signal amplitude based on the filtering characteristic.
For example, filtering 804 the frequency-domain values can
include using an HPF, a low-pass filter, a bandpass filter, or
another filter with a cutoil or corner frequency correspond-
ing to the filtering characteristic. In the case of an HPF,
filtering 804 the frequency-domain values can include f{il-
tering out frequency components at frequencies lower than
the filtering characteristic, e.g. a cutofl or corner frequency.
Alternatively, 1n the case of a low-pass filter, filtering 804 the
frequency-domain values can include filtering out frequen-
cies above the filtering characteristic, e.g. a cutoll or corner
frequency. In the case of a bandpass filter, filtering 804 the
frequency-domain values can include filtering out frequen-
cies outside of a band or range. For example, the filtering
characteristic may include a lower cutofl of the band or
range, a higher cutofl of the band or range, or both. The
bandpass filter may then filter 804 out frequencies below the
lower cutofl frequency and/or above the higher cutoll fre-
quency.

FIG. 8B 1s a flow diagram illustrating a method 850 of
dynamically filtering frequency-domain values based on a
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time-domain amplitude of an output signal, in accordance
with an example of the present disclosure. In various
examples, method 850 may be performed with an HPF
circuit, such as the dynamic HPF circuits in the examples of
FIGS. 3A, 3B, and 3C above. In some examples, method
850 illustrates a single cycle of evaluation of the output
signal, and may repeat at a high frequency, for example the
method may repeat with every clock tick of the system.

As shown 1n FIG. 8B, dynamically filtering frequency-
domain values based on a time-domain amplitude starts with
determining 852 whether a time-domain value of an output
signal amplitude 1s above a threshold. For example, a
multiplexer can select a branch based on comparing the
amplitude to a switching threshold, as 1n FIG. 3B above. For
example, the select line of the multiplexer can be based on
a Boolean comparison signal D_CTRL, which may compare
the amplitude to the switching threshold. In the case of a
multi-channel signal, the comparison signal D_CTRL may
be the result of comparing all the signals to a threshold, as
in FIG. 3C above. In some examples, this comparison may
be performed by one or more comparators, as 1n FI1G. 3C. In
some examples, the disclosed system 1s configured to deliver
the control for threshold detection within a short interval
after a crossing of the threshold, for example within a single
clock tick, three clock ticks, 25 ns, 100 ns, or 1 us of a
crossing.

In some cases, the system may compare the signal ampli-
tude to multiple thresholds, for example to set multiple
values of the HPF corner frequency.

Next, 1f the time-domain value of a signal amplitude 1s
below the threshold, dynamically filtering frequency-do-
main values continues with setting 854 the corner frequency
to a high value, for example 500 kHz or 600 kHz. In
particular, this situation may correspond to the nominal case
illustrated 1n FIG. 6 A above. By determining that the signal
amplitude 1s below the threshold, the system may determine
that the signal 1s not saturated. Accordingly, setting 854 a
high value of the HPF corner frequency results 1n filtering
out many low-frequency components of the signal. How-
ever, as a signal below the threshold 1s not large enough to
saturate the HPE, the baseline value 1s still expected to
recover after filtering.

If the time-domain value of an output signal amplitude 1s
above the threshold, dynamically filtering frequency-do-
main values continues with setting 856 the corner frequency
to a low value, for example 200 Hz or 4 kHz. In particular,
this situation may correspond to the saturated case illustrated
in FIG. 6B above. By determining that the signal amplitude
1s above the threshold, the system may determine that the
signal 1s saturated. Accordingly, setting 856 a low value of
the HPF comer frequency results in retaining most ire-
quency components of the signal, including many low-
frequency components. As a result, even when an 1nitial
signal peak saturates the HPF, the baseline value can still
recover quickly after filtering due to the low corner ire-
quency. Moreover, by setting 856 a low value of the corner
frequency, the system can improve the accuracy of the signal
shape compared with the single-corner HPF.

The system can set the corner frequency by selecting a
branch of a circuit. For example, the system can select a
circuit branch with a bit shift as in FIG. 3B above, or with
other circuitry (e.g., analog electronics) configured to set the
cutoll frequency. The system can select the approprate
circuit branch in response to the time-domain signal ampli-
tude, and the bit shift or other circuitry corresponding to the
selected branch can then set the cutofl frequency. Note that
the selection of a cutofl frequency can change dynamically
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as the signal’s amplitude varies in the time domain. For
example, 1n some embodiments, the system can adjust the
cutoll frequency within a time interval after each occasion
when the signal amplitude crosses either above or below the
threshold, for example, within 25 ns, 100 ns, or 1 us of each
crossing. In some cases, the system 1s configured to dynami-
cally change the comner frequency within a time interval
after the time-domain value of the amplitude crosses a
threshold value. In some cases, the time interval may be
several clock ticks, such as 3 or 4 clock ticks. This may
correspond to a nearly immediate time interval, for example
less than 40 nanoseconds, or less than 50 nanoseconds. In
another example, the time 1nterval 1s less than 1 microsec-
ond.

In an embodiment where the system uses multiple thresh-
olds, the system can select among multiple circuit branches
to set the appropriate cutofl frequency. For example, 11 there
are N cutoll frequencies resulting i (N+1) amplitude
ranges, the system can then select among (N+1) circuit
branches corresponding to (N+1) cutofl frequencies.

Next, the system can filter out 858 components at fre-
quencies below the corner frequency. For example, the
system can use an HPF to filter out the low-frequency
components. In some embodiments, the system can use
another type of filter to filter out other ranges of frequency
components. For example, the system may use a low-pass
filter to filter out frequencies above a cutofl frequency, or
may use a bandpass filter to filter out frequencies outside of
a band or range.

The foregoing description of the embodiments of the
disclosure has been presented for the purposes of 1llustration
and description. It 1s not intended to be exhaustive or to limait
the disclosure to the precise forms disclosed. Many modi-
fications and variations are possible 1n light of this disclo-

sure. It 1s mntended that the scope of the disclosure be limited
not by this detailed description, but rather by the claims

appended hereto.

The 1nvention claimed 1s:

1. A system comprising;:

a high-pass filter configured to filter frequency-domain
values of an 1mput signal based on a filtering charac-
teristic, wherein the filtering characteristic 1s set
dynamically 1n response to a time-domain value of an
amplitude of an output signal;
wherein the filtering characteristic comprises a corner

frequency, and the system includes a high-pass filter
configured to filter out frequency components at
frequencies lower than the corner frequency; and
wherein the system 1s configured to dynamically
change the comer frequency from a first value to a
second value, 1n response to the time-domain value
of the amplitude falling below a threshold value
having a first tolerance, the second value being
greater than the first value;
wherein the system 1s configured to dynamically
change the comner frequency from a first value to a
second value, 1n response to the time-domain value
of the amplitude rising above a threshold value
having second tolerance, the second value being
lower than the first value; and

wherein the first and second tolerances are not equal.
2. The system of claim 1, wherein the system 1s config-

ured to dynamically change the corner frequency within a

time interval after the time-domain value of the amplitude

crosses a threshold value.
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3. The system of claim 2, wherein:

the time interval 1s less than 1 microsecond;

the time 1nterval 1s 3 clock ticks of a system clock, or less;

or

the time interval 1s sufliciently short, in that a signal

baseline 1s preserved allowing umipolar data measure-
ment consistent with a predetermined accuracy thresh-
old.
4. The system of claim 1, wherein:
the system 1s a multi-channel system:;
the amplitude 1s a respective amplitude of a plurality of
amplitudes corresponding to a plurality of signals; and

the system 1s configured, responsive to a respective value
of any of the plurality of amplitudes crossing a thresh-
old value, to set the filtering characteristic.

5. The system of claim 1, wherein:

the output signal 1s a digital output signal; and

to filter the frequency-domain values comprises to bit

shift the digital output signal.

6. The system of claim 5, comprising a multiplexer
configured to dynamically select a bit shift value based on
the amplitude of the output signal.

7. The system of claim 1, wherein:

the output signal 1s an analog output signal; and

to set the filtering characteristic comprises to set a switch

state based on an output of a comparator comparing the
time-domain value of the amplitude with a threshold
voltage.

8. The system of claim 1, wherein the filtering character-
1stic comprises a corner frequency, and the system 1ncludes
a low-pass filter configured to filter out frequency compo-
nents at frequencies higher than the corner frequency.

9. A method of filtering frequency-domain values, com-
prising;:

setting a filtering characteristic dynamically 1n response to

a time-domain value of an amplitude of an output
signal;
filtering frequency-domain values of an input signal based
on the dynamically-set filtering characteristic;

wherein the filtering characteristic comprises a corner
frequency, and filtering the frequency-domain values
includes filtering out, via a high-pass filter, frequency
components at frequencies lower than the comer fre-
quency;

wherein setting the filtering characteristic dynamically

comprises changing the corner frequency dynamically
from a first value to a second value, 1n response to the
time-domain value of the amplitude falling below a
threshold value having a first tolerance, the second
value being greater than the first value; or

setting the filtering characteristic dynamically comprises

changing the corner frequency dynamically from a first
value to a second value, 1n response to the time-domain
value of the amplitude rising above a threshold value
having a second tolerance, the second value being
lower than the first value.

10. The method of claim 9, further comprising;:

receiving a plurality of signals, wherein the amplitude 1s

a respective amplitude of a plurality of amplitudes
corresponding to the plurality of signals; and

setting, responsive to a respective value of any of the

plurality of amplitudes crossing a threshold value, the
filtering characteristic.

11. The method of claim 9, wherein:

the mput signal 1s a digital mput signal received by a

computing device;

setting the filtering characteristic dynamically comprises

setting, by the computing device, the filtering charac-

teristic dynamically;
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filtering frequency-domain values of the input signal
comprises filtering, by the computing device, fre-
quency-domain values of the mput signal.
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